We announce the discovery of K2-139 b (EPIC 218916923 b), a transiting warm-Jupiter (T eq =547±25 K) on a 29-day orbit around an active (log R HK = −4.46 ± 0.06) K0 V star in K2 Campaign 7. We derive the system's parameters by combining the K2 photometry with ground-based follow-up observations. With a mass of 0.387 +0.083 −0.20 g cm −3 can be explained with a core of ∼50 M ⊕ . Given the brightness of the host star (V = 11.653 mag), the relatively short transit duration (∼5 hours), and the expected amplitude of the Rossiter-McLaughlin effect (∼25 m s −1 ), K2-139 is an ideal target to measure the spin-orbit angle of a planetary system hosting a warm Jupiter.
Jupiters. They mark the transition between hot Jupiters (giant planets with orbital period between ∼1 and 10 days) and Jupiter analogues (orbital period longer than 100 days). They seem to be less common than hot Jupiters and their formation scenario is still under debate (e.g., Frewen & Hansen 2016; Boley et al. 2016 ). Whereas it is commonly accepted that hot Jupiters did not form in situ (e.g., Kley & Nelson 2012) , but rather formed beyond the snow line and then migrated inwards to their current position, it has been recently proposed that warm Jupiters might have formed in situ (e.g., Boley et al. 2016; Huang et al. 2016) .
Eighty warm Jupiters have been discovered so far from both ground-(e.g., da Silva et al. 2007; Brahm et al. 2016; Jenkins et al. 2017 ) and space-based surveys (e.g., Deeg et al. 2010; Saad-Olivera et al. 2017; Smith et al. 2017) . About thirty are known to transit their parent star and only thirteen have masses and radii known with a precision better than 25 % 1 . They have been detected both in loweccentricity orbits (e 0.4, e.g., Brahm et al. 2016; Niedzielski et al. 2016; Smith et al. 2017) , as well as in highly eccentric orbits (e.g., Dawson et al. 2012; Ortiz et al. 2015) . Dong et al. (2014) found that warm Jupiters with high eccentricities (e 0.4) tend to have a massive planetary/stellar companion in a long period orbit. The architectures of these systems suggest that eccentric warm Jupiters might have reached their current positions via high-eccentricity migration excited by the outer companion (Dong et al. 2014 ). On the other hand, warm Jupiters with no detected Jovian companion tend to have lower eccentricities peaked around 0.2. This suggests that two different types of warm Jupiters might exist: those formed via high-eccentricity migration and those formed in situ. Alternatively, warm Jupiters in low-eccentricity orbits can also result from discdriven migration from the outer region of the system (Kley & Nelson 2012) . Petrovich & Tremaine (2016) studied the possibility that warm Jupiters are undergoing secular eccentricity oscillations induced by an outer companion in an eccentric and/or mutually inclined orbit. Their model suggests that high-eccentricity migration can account for most of the hot Jupiters, as well as for most of the warm Jupiters with e 0.4. However, it cannot account for the remaining population of low-eccentricity warm Jupiters, which must have undergone a different formation mechanism. The low efficiency to generate warm Jupiters in nearly circular orbits via high-eccentricity migration has been corroborated by Hamers et al. (2016) and Antonini et al. (2016) using numerical simulations.
In order to test different planet formation mechanisms, we need to characterize the population of warm Jupiters in terms of planetary mass, radius and orbital parameters. We herein present the discovery of K2-139 b (EPIC 218916923 b), a transiting warm Jupiter (M p = 0.387 +0.083 −0.075 M J , R p = 0.808 +0.034 −0.033 R J ) in a 29-day orbit around an active K0 V star that has been photometrically monitored by the K2 space-mission during its Campaign 7. We combine the K2 photometry with ground-based imaging and high-precision radial velocity measurements to confirm the planet and derive the main parameters of the system.
KPHOTOMETRY

K2
Campaign 7 was performed between 2015 October 04 UT and 2015 December 26 UT 2 . The Kepler spacecraft was pointed at 1 Source: http://exoplanet.eu, as of January 2017. 2 See http://keplerscience.arc.nasa.gov/k2-fields.html. Vanderburg & Johnson (2014) . We analyzed the light curves using the DST algorithm (Cabrera et al. 2012 ) and the EXOTRANS pipeline (Grziwa et al. 2012; Grziwa & Pätzold 2016) . Both codes have been used extensively on CoRoT (Carpano et al. 2009; Cabrera et al. 2009; Erikson et al. 2012; Carone et al. 2012; Cavarroc et al. 2012) and Kepler (Cabrera et al. 2014; Grziwa & Pätzold 2016) data. These search algorithms detect periodic patterns in time series photometric data. DST uses an optimized transit shape with the same number of free parameters as for the BLS algorithm (Box-fitting Least Squares; Kovács et al. 2002) , and it also implements better statistics for signal detection. EXOTRANS uses the BLS algorithm combined with the wavelet-based filter technique VARLET (Grziwa & Pätzold 2016) , diminishing the effects of stellar variability and data discontinuities.
We detected a periodic transit-like signal associated with the star EPIC 218916923 with both DST and EXOTRANS. As a sanity check, we downloaded the EVEREST light curve of EPIC 218916923 (Luger et al. 2016) and detected the same signal. We note that Vanderburg & Johnson (2014) and Luger et al. (2016) used the same mask to extract the time-series data from the raw K2 images. EPIC 218916923 was proposed for K2 observations by programs GO7086 (P.I. Thompson), GO7030 (P.I. Howard) and GO7087 (P.I. Dragomir). We will hereafter refer to the star and its transiting planet as K2-139 and K2-139 b, respectively. We searched the Vanderburg & Johnson (2014) 's light curve for odd-even transit depth variation and secondary eclipse that might hint to a binary scenario making the system a likely false positive. None of them were significantly detected. The depth of the odd/even transits agrees within the 1-σ uncertainty of 1.6 × 10 −3 , whereas the 3-σ upper limit of the occultation depth is 7.9 × 10 −5 , both respect to the normalized flux. We proceeded to more detailed fitting of the light curve, as well as ground-based imaging (Sect. 3) and spectroscopic observations (Sect. 4). The main identifiers, coordinates, optical and infrared magnitudes, and proper motions of the star are listed in Table 1 . We display the EVEREST K2 light curve of K2-139 in Fig. 1 .
ALFOSC IMAGING
K2
Campaign 7 is projected close to the galactic center and thus in a relatively crowded stellar region. In order to estimate the contamination factor arising from sources whose light leaks into the photometric masks used by Vanderburg & Johnson (2014) and Luger et al. (2016) , we observed K2-139 on 13 September 2016 (UT) with the ALFOSC camera mounted at the Nordic Optical Telescope (NOT) of Roque de los Muchachos Observatory (La Palma, Spain). The sky conditions were photometric with excellent seeing conditions (∼0.6 ). We used the Bessel R-filter and acquired 16 images of 6 sec, 2 images of 20 sec, and 1 image of 120 sec. The data were bias subtracted and flat-fielded using dusk sky flats. Aperture photometry was then performed on all stars within the mask used in the extraction of the light curve by Vanderburg & Johnson (2014) and Luger et al. (2016) .
Several fainter stars can be identified inside the photometric mask (Fig. 2) , of which the two brightest sources are also in the EPIC catalog with Kepler band magnitudes of 16.8 and 18.4. The closest detected source is a 6.8-mag fainter star at 3.8 South of K2- North is up and East is to the left. The target star is the brightest source in the middle. The solid black polygon marks the EVEREST photometric mask (Luger et al. 2016). 139. We can exclude stars as faint as ∼20 mag at an angular distance larger than ∼0.6 from K2-139. It is worth noting that the faintest star whose flux could account for the ∼1% deep transit of K2-139 cannot be more than ∼5 mag fainter than our target. The summed flux of these faint stars amounts to 1.4±0.3 % of the total off-transit flux within the aperture. We subtracted this contamination flux from the EVEREST K2 light curve prior to performing the joint analysis presented in Sect. 6.
HIGH-RESOLUTION SPECTROSCOPY
In June and August 2016 we obtained two reconnaissance spectra of K2-139 with the Tull spectrograph (Tull et al. 1995) at the 2.7-m telescope at McDonald Observatory (Texas, USA). The high resolution (R ≈ 60 000) spectra have a signal-to-noise ratio of ∼30 per pixel at 5500Å. We reduced the data using standard IRAF routines and derived preliminary spectroscopic parameters using our code Kea (Endl & Cochran 2016) . The results from both spec- tra are nearly identical and reveal a star with T eff = 5500 ± 100 K, log g = 4.65 ± 0.12 (cgs), [Fe/H]=+0.11 ± 0.12 dex, and a slow projected rotational velocity of v sin i ≈ 2 km s −1 . The high-precision radial velocity follow-up of K2-139 was started in June 2016 with the FIbre-fed Échelle Spectrograph (FIES; Frandsen & Lindberg 1999; Telting et al. 2014) mounted at the 2.56-m Nordic Optical Telescope (NOT). The observations were carried out as part of the OPTICON and CAT observing programs 16A/055, P53-201, and P53-203. We used the high-res mode, which provides a resolving power of R ≈ 67 000 in the whole visible spectral range (3700 − 7300 Å). The exposure time was set to 2100 -3600 sec, based on sky conditions and observing scheduling constraints. Following the observing strategy outlined in Buchhave et al. (2010) and Gandolfi et al. (2015) , we traced the RV drift of the instrument by acquiring long-exposed (T exp ≈ 35 sec) ThAr spectra immediately before and after the target observations. The typical RV drift measured between two ThAr spectra bracketing a 2100 -3600 sec science exposure is about 50 -80 m s −1 . A linear interpolation of the RV drift to the mid-time of the science exposure allows us to achieve a radial velocity zero-point stability of about 5 -6 m s −1 , which is 2 -3 times smaller than the nominal error bars listed in Table 2. The data reduction uses standard IRAF and IDL routines. The signal-to-noise (S/N) ratio of the extracted spectra is ∼30 -40 per pixel at 5500 Å. Radial velocity measurements were extracted via multi-order cross-correlation with the RV standard star HD 182572, observed with the same instrument set-up as K2-139.
We also observed K2-139 in July, August, and September 2016 with the HARPS (Mayor et al. 2003) and HARPS-N (Cosentino et al. 2012 ) spectrographs mounted at the ESO 3.6-m Telescope of La Silla Observatory (Chile) and at the 3.58-m Telescopio Nazionale Galileo (TNG), of Roque de los Muchachos observatory (La Palma, Spain), respectively. Both instruments provide a resolving power of R ≈ 115 000 in the wavelength range ∼3800 -6900 Å. The observations were performed as part of the ESO and TNG observing programs 097.C-0948 and A33TAC_15, respectively. The exposure time was set to 1800 sec, leading to a S/N ratio of ∼35 on the extracted spectra. We reduced the data using the dedicated HARPS and HARPS-N pipelines and extracted the RVs by cross-correlation with a G2 numerical mask.
The FIES, HARPS, and HARPS-N RVs are listed in Table 2 along with the bisector span (BIS) and the full width at half maximum (FWHM) of the cross-correlation function (CCF). Time stamps are given in barycentric Julian date in barycentric dynamical time (BJD TDB ). For the HARPS and HARPS-N data we also provide the Ca H & K chromospheric activity index log R HK . We did not measure log R HK from the FIES spectra because of the poor S/N ratio at wavelengths shorter than 4000 Å.
STELLAR PARAMETERS
Spectral analysis
We derived the spectroscopic parameters of K2-139 from the coadded FIES spectra. The stacked FIES data have a S/N ratio of ∼110 per pixel at 5500 Å. We adopted three different methods. For each method, results are reported in Table 3 .
First method. The technique fits spectral features that are sensitive to different photospheric parameters. It uses the stellar spectral synthesis program Spectrum (Gray 1999) to compute synthetic spectra from ATLAS 9 model atmospheres (Castelli & Kurucz 2004) . Microturbulent (v mic ) and macroturbulent (v mac ) velocities are derived from the calibration equations of Bruntt et al. (2010) and Doyle et al. (2014) . We used the wings of the H α and H β lines to estimate the effective temperature (T eff ), and the Mg 5167, 5173, and 5184 Å, Ca 6162 and 6439 Å, and the Na D lines to determine Table 3 . Spectroscopic parameters of K2-139 as derived using the three methods described in Sect 5.
Adopted spectroscopic parameters Valenti & Piskunov 1996; Valenti & Fischer 2005) . For a set of given stellar parameters, SME calculates synthetic spectra and fits them to high-resolution observed spectra using a chi-squared minimization procedure. We used SME version 4.4.3 and ATLAS 12 model spectra (Kurucz 2013) . We adopted the same calibration equation as described in the first method to determine v mic and v mac . Effective temperature is derived from the H α wings; log g from the Ca 6102, 6122, 6162, and 6439 Å lines; [Fe/H] and v sin i from isolated iron lines.
Third method. It uses the classical equivalent width (EW) method adopting the following criteria: i) T eff is obtained by removing trends between abundance of the chemical elements and the respective excitation potentials; ii) log g is optimised by assuming the ionisation equilibrium condition, i.e., by requiring that for a given species, the same abundance (within the uncertainties) is obtained from lines of two ionisation states (typically, neutral and singly ionised lines); iii) v mic is set by minimising the slope of the relationship between abundance and the logarithm of the reduced EWs. The equivalent widths of Fe and Fe lines are measured using the code DOOp (Cantat-Gaudin et al. 2014), a wrapper of DAOSPEC (Stetson & Pancino 2008) . The stellar atmosphere parameters are derived with the program FAMA (Magrini et al. 2013 ), a wrapper of MOOG (Sneden et al. 2012) . We used the public version of the atomic data prepared for the Gaia-ESO Survey (Heiter et al. 2015) and based on the VALD3 data (Ryabchikova et al. 2011) . We used ∼200 Fe lines and ∼10 Fe lines for the determination of the stellar parameters.
The three methods provide consistent results within the 1-σ error bars (Table 5 ). While we have no reason to prefer one technique over the other, we adopted the parameter estimates of the first method, i.e., T eff = 5340 ± 110 K, log g = 4.50 ± 0.09 (cgs), [Fe/H] = 0.22 ± 0.08 dex, v mic = 0.9 ± 0.1 km s −1 , v mac = 2.5 ± 0.6 km s −1 and v sin i = 2.8 ± 0.6 km s −1 . As a sanity check, we also analyzed the HARPS and HARPS-N data and obtained consistent results but with larger error bars, owing to the lower S/N ratio of the co-added HARPS and HARPS-N spectra compared to that of the co-added FIES data. Using the Boyajian et al. (2013) 's calibration (see their Table 6 ), the effective temperature of K2-139 defines the spectral type of the host star as K0 V.
Interstellar extinction
We measured the visual reddening (A V ) of K2-139 following the technique described in Gandolfi et al. (2008) . We fitted the spectral energy distribution of the star to synthetic colors extracted from the BT-NEXTGEN model spectrum (Allard et al. 2011 ) with the same photospheric parameters as the star. We adopted the extinction law of Cardelli et al. (1989) and assumed a normal value for the totalto-selective extinction, i.e., R V = A V /E(B − V) = 3.1. We measured a visual extinction of A V = 0.07 ± 0.05 mag. This value is below the upper limit of A V 0.3 mag extracted from the Schlegel et al. (1998) 's all-sky extinction map, corroborating our result.
Rotational period
The K2 light curve of K2-139 displays periodic and quasi-periodic variations with a peak-to-peak photometric amplitude of ∼2 % (Fig. 1) . The late-type spectral type of the star suggests that the observed variability is due to Sun-like spots appearing and disappearing from the visible stellar disc as the star rotates around its axis. This is corroborated by the fact that K2-139 is a chromospherically active star. The HARPS and HARPS-N spectra show clear emission components in the cores of the Ca H&K lines, from which we measured an average activity index of log R HK = −4.46 ± 0.06 4 . The out-of-transit photometric variability observed in the light curve of K2-139 is mainly due to two active regions located at opposite stellar longitudes, whose lifetime is longer than the duration of the K2 observations. Using the spots as tracers of stellar rotation and following the auto correlation function (ACF) technique described in McQuillan et al. (2014) , we estimated that the rotational period of the star is P rot = 17.24 ± 0.12 days. The Lomb-Scargle periodogram of the light curve shows its strongest peak at the same period confirming our results.
It is worth noting that the rotation period (P rot = 17.24 ± 0.12 days) and radius (R = 0.862 ± 0.032 R ; see next section) of the host star translate into a maximum value for the projected rotational velocity of v sin i ,max = 2.53 ± 0.10 km s −1 , which agrees with the spectroscopically derived v sin i = 2.8 ± 0.6 km s −1 , suggesting that the star is seen nearly equator-on (i ≈ 90 • ) and that the system might be aligned along the line-of-sight.
Stellar mass, radius and age
We derived the stellar mass, radius, and age using the online interface for Bayesian estimation of stellar parameters available at the following web page: http://stev.oapd.inaf.it/cgi-bin/ param. Briefly, the web tool interpolates onto PARSEC model isochrones (Bressan et al. 2012) , the V-band apparent magnitude, effective temperature, metal content, and parallax. We used the Vband magnitude reported in Table 1 -after correcting for interstellar reddening (Sect 5.2) -along with the effective temperature and metal content we derived in Sect. 5. The parallax was retrieved from the Gaia's first data release (px = 6.56 ± 0.43 mas, d = 152 ± 10 pc Fabricius et al. 2016) . We adopted the log-normal initial mass function from Chabrier (2001) .
K2-139 has a mass of M = 0.919 ± 0.033 M and radius of R = 0.862 ± 0.032 R , corresponding to a surface gravity of log g = 4.503±0.035 (cgs), in excellent agreement with the spectroscopically derived value of log g = 4.50±0.09 (cgs; see Sect. 5). The derived mean density ρ = 2.02±0.24 g cm −3 of K2-139 is also consistent within 1-σ with the density estimated by the modeling of the transit light curve (ρ = 2.11 +0.74 −0.81 g cm −3 ; see Sect. 6). The isochrones provide an age of 3.6±3.4 Gyr for K2-139. Using the equations given in Barnes & Kim (2010) and Barnes (2010) , the rotation period of 17.3 days (Sect 5.3) implies a gyrochronological age of 1.8 ± 0.3 Gyr.
JOINT RV-TRANSIT FIT
We performed the joint fit to the photometric and RV data using the code pyaneti 5 ), a Python/Fortran software suite based on Markov Chain Monte Carlo (MCMC) methods.
The photometric data included in the joint analysis are subsets of the whole EVEREST K2 light curve. We used the EVEREST light curve because it provides a slightly better rms over the Vanderburg & Johnson (2014)'s data. We selected ∼10 hours of data-points around each of the 3 transits, which have a duration of ∼5 hours. We de-trended each individual transits with the code exotrending 6 , using a second-order polynomial fitted to the out-of-transit points. The fitted data include 12 points immediately before and after each transit, with the exception of the last transit for which only 9 data points are available. We removed the data points that are affected by stellar spot crossing events (see Sect. 7.1 for more details).
We fitted the RV data using a Keplerian model for the planet, along with two sine-like curves to account for the activity-induced RV (see next section for details). We adopted the limb-darkened quadratic law of Mandel & Agol (2002) for the transit model. We adopted the Gaussian likelihood
where n is the number of data points, σ i is the error associated to each data point D i , M i is the model associated to a given D i and σ j is an extra noise term, sometime referred as jitter.
The sampling method and fitted parameters are the same as in Barragán et al. (2016) . Details on the adopted priors are given in Table 5. Following Kipping (2010), we super-sampled the light curve model using 10 subsamples per K2 exposure to account for the longcadence acquisition. The parameter space was explored with 500 independent chains created randomly inside the prior ranges. The chain convergence was analyzed using the Gelman-Rubin statistics. The burn-in phase uses 25, 000 more iterations with a thin factor 5 Available at https://github.com/oscaribv/pyaneti. 6 Available at https://github.com/oscaribv/exotrending. of 50. The posterior distribution of each parameter has 250, 000 independent data points.
RESULTS AND DISCUSSION
Stellar activity modeling
A simple Keplerian model provides a poor fit to the RV measurements with χ 2 /dof = 6.1 (Table 4 ), suggesting that additional signals might be present in our Doppler data. Activity-induced RV variation is expected given the 2 % peak-to-peak photometric variability observed in the K2 light curve of K2-139 (Fig. 1) and the Ca H & K activity index of log R HK = −4.46 ± 0.06 (Sect. 5.3). The K2 photometric variation corresponds to a spot filling factor of approximately 2 %, if this variation is due to cool starspots. We can use the empirical relationship relating spot coverage to RV amplitude from Saar & Donahue (1997) or Hatzes (2002) to estimate the RV amplitude expected from spots. Using the projected rotational velocity of 2.8 km s −1 results in an RV semi-amplitude of ≈20-30 m s −1 . The code SOAP 2, designed to estimate the effect of active regions on photometric and spectroscopic measurements (Dumusque et al. 2014 ), provides consistent results.
In order to look for additional signals in our Doppler data, we performed a frequency analysis of the RV measurements and activity indicators. On one occasion 7 K2-139 was observed with FIES and HARPS-S nearly simultaneously (within less than 25 minutes). We used the two sets of measurements to estimate the RV, FWHM, and BIS offsets between the two instruments. We assumed no offset between HARPS-N and HARPS. While we acknowledge that this assumption is arbitrary, we note that the modeling of the RV data gives an offset of ∆ RV (HN−H) = 0.002 ± 0.0158 km s −1 (Table 5) , which is consistent with zero. 8 . We note also that periodogram of the BIS of the CCF displays peaks whose frequencies are close to the stellar rotation frequency and its first two harmonics. However, none of the peaks visible in the GLS periodograms of Fig. 3 has a false alarm probability (FAP) 9 lower than 5 %. Although our spectroscopic data show neither additional signals, we note that the semi-amplitude variation of the BIS and FWHM is expected to be 10-15 m s −1 (Dumusque et al. 2014) , which is comparable with the uncertainties of most of our measurements ( Table 2 ). The lack of significant peaks in the periodogram of the RV data and RV residuals, as well as in the periodogram of the activity indicators, could be explained by the limited number of available measurements and their uncertainties. We conclude that we cannot exclude the existence of spot-induced signals in our RV measurements.
Photometric and radial velocity variations due to rotational modulation can be complex with not only the rotational period P rot present, but also its harmonics, e.g., P rot /2, P rot /3. Assuming that the surface structures responsible for this modulation (e.g., cool spots) are not evolving rapidly, then the simplest representation of the rotational modulation is through the Fourier components defined by the rotation period and its harmonics. Figure 1 shows that the evolution time-scale of the active regions in the stellar surface is longer than the 80-day duration of the K2 campaign. Since our RV follow-up spans 55 days, we can assume that any activity-induced RV signal is coherent within our observing window. This approach has been used previously for other planetary systems orbiting active stars (e.g., Pepe et al. 2013) .
The Fourier analysis of the K2 light curve is the best way to measure the contribution of the rotation period and its harmonics to the quasi-periodic photometric variability of the star. We therefore analyzed the K2 light curve using a pre-whitening procedure. That is, the dominant period was found, a sine-fit made to the data and subtracted, and additional periods searched in the residual data.
We used the program Period04 (Lenz & Breger 2005) for this procedure.
The dominant periods are ∼17.2 days, i.e., the rotation period of the star (Sect. 5.3), and roughly the first four harmonics (i.e., 8.6, 5.7, 4.3, and 3 .4 days). The 17.2-and 8.6-day periods have about the same amplitude, while the 5.7-day period (P rot /3) has 10% of the main amplitude. The P rot /4 signal has only about 4% of the main amplitude. The light curve analysis indicates that the signal due to rotational modulation can largely be represented by the rotational period (P rot ) and its first harmonic (P rot /2) .
In order to test if the addition of RV sinusoidal signals at the stellar rotation period and its harmonics can account for the additional variation seen in our RV measurements, we compared different models by adding signals one by one. The first model (P0) includes only the planet signal, i.e., a Keplerian model fitted to the RV data using the same priors given in Table 5 , but fixing epoch and period to the values derived by the transit modeling. The next model (P1) is obtained from P0 by adding a sinusoidal signal at the rotation period of the star (P rot ). Models P2 includes the first harmonic of the rotation period (P rot /2), whereas model P3 account for the first (P rot /2) and second (P rot /3) harmonics. While adding sinusoidal signals, we fitted for their amplitudes, phases and periods. We used flat priors for the phases and amplitudes (details in Table 5 ). We used a Gaussian prior for P rot using the value and its uncertainty derived in Sect. 5.3. The periods of the harmonic signals were left free to vary depending on the value assumed by P rot at each step of the MCMC chains. In order to check if the RV variation induced by the planet is significant in our data set, we also performed the fit using models where the planetary signal was not included (models NP1 and NP2; see Table 4 ). Table 4 shows the goodness of the fit for each model. The preferred model is P2 (planet plus 2 sinusoidal signals at P rot and P rot /2) with the lowest Akaike Information Criteria (AIC) and maximum likelihood. This result is consistent with the Fourier analysis of the K2 light curve, which suggests that the major contribution to the photometric variations arises from the stellar rotation period and its first harmonic. Our analysis provides also additional evidence that the Doppler motion induced by the planet is present in our RV data set. First, the planet signal does not significantly vary for the P0, P1, P2 and P3 models (Table 4) . Second, the models with no planetary signal (NP1 and NP2) provide a poor fit to the RV measurements (Table 4) .
To account for additional instrumental noise not included in the nominal RV error bars and/or imperfect treatment of the various sources of RV variations, we fitted for a jitter term for each instrument. The final parameter estimates and their error bars are listed in Table 5 . They are defined as the median and the 68% credible interval of the final posterior distributions. The best fitting transit and RV models are displayed in Figure 4 along with the photometric and RV data points. Huang et al. (2016) found that warm Jupiters with low eccentricities (e 0.4) have inner low-mass companions. They used this evidence as an argument in favour of the in situ formation, since the planet migration would have cleaned the warm Jupiter neighborhood. We searched the light curve for additional transit signals but found no evidence for an additional transiting planet in the system. As described in the previous paragraph, the periodogram of the RV residuals show no significant peak with false alarm probability lower than 5 %. Note -(a) χ 2 value assuming no jitter. (b) We used the Akaike Information Criteria (AIC = 2N pars − ln 2L) instead of the widely used Bayesian information criteria (BIC) because our RV data sample is small (19 data points), and BIC performs better for large samples (Burnham & Anderson 2002) .
Additional companion
Spot-crossing events
The passage of a planet in front of a spot can be detected as a bump in the transit light curve (see, e.g., . Spot-crossings events are clearly visible in the EVEREST transit light curves (Fig. 4) . The same features appear at the same times and with consistent amplitudes in the Vanderburg & Johnson (2014) data, confirming that the bumps are real and not due to systematics. To assess whether the bumps significantly affect the parameter estimates, we performed the joint analysis as described in Sect 6 including all the transit data points. We found that the final parameters are consistent within 1-σ with those reported in Table 5 . M ⊕ , containing ∼40 % of the total planetary mass. We expect that K2-139 b has a solid core surrounded by a gaseous envelope. Rafikov (2006) found that a core of mass 5 -20 M ⊕ at a semimajor axis between 0.1 and 1.0 AU would be able to start the runaway accretion phase to form a gas giant planet in situ. However, according to his models, these kind of cores are unlikely to form, owing to the high irradiation coming from the star. Boley et al. (2016) suggested instead that more massive cores (M core 20M ⊕ ) can be built up from the merging of tightly packed inner planets formed at the early stages of the circumstellar disc. Batygin et al. (2016) found a similar result and argued that the massive core of HD 149026b (M core ≈ 100M ⊕ ) could be explained by one or more super-Earths which merged and accreted the surrounding gas to form a gas-giant planet. Huang et al. (2016) suggested that these cores can initiate runaway accretion if they are formed in a region with enough gas around them, while those without enough volatiles remain super-Earths and represent the population of massive rocky planets unveiled by Kepler around solar-like stars (e.g., Demory 2014) . Based on these studies and given the semi-major axis of 0.179 +0.021 have formed the planet in situ. We note that the metallicity of K2-139 is relatively high ([Fe/H] = 0.21 ± 0.05), suggesting that the primordial circumstellar disc had a relatively high content of dust, which would have enhanced the formation of the core of K2-139 b (see, e.g. Johnson & Li 2012) . Alternatively, the planet might have formed beyond the snow line and migrated inwards via planet-disc interaction (see, e.g., Baruteau et al. 2014 ).
CONCLUSIONS
We confirmed the planetary nature and derived the orbital and main physical parameters of K2-139 b, a warm Jupiter (T eq = 565 +48 M ⊕ according to the evolutionary models of Fortney et al. (2007) . K2-139 b joins the small group of well-characterized warm Jupiters whose mass and radius have been determined with a precision better than 25 %.
The spin-orbit angle, i.e., the angle between the spin axis of the star and the angular momentum vector of the orbit, can provide us with valuable information on the migration mechanisms of exoplanets (see, e.g. Winn 2010; Morton & Johnson 2011; Albrecht et al. 2012; Gandolfi et al. 2012) . Currently, there are only 4 warm Jupiters (M p 0.3 M Jup and 10 P orb 100 days) with measured obliquity 11 . From this perspective, K2-139 is an ideal target to measure the sky-project spin-orbit angle via observations of the Rossiter-McLaughlin (RM) effect. Assuming spinorbit alignement, the expected amplitude of the RM anomaly is Winn 2010) . Given the brightness of the host star (V = 11.653 mag), this amplitude can easily be measured using state-of-the-art spectrographs such as HARPS@ESO-3.6m. Moreover, the transit duration (∼5 hours) is shorter than the visibility of K2-139, which is ∼9 hours from La Silla observatory (altitude higher than 30 • above the horizon).
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